Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




P'jDhcation number 0 505 110 A1 



EUROPEAN PATENT APPLICATION 



21? Application numDer 92302179.4 
22) Date of filing . 13.03.92 



?» in. ci. 5 C08L 53/02, C08L 25/02 



30) Priority : 18.03.91 JP 52749/91 

43) Date of publication of aopncation 
23.09.92 Bulletin 92/39 



84) Designated Contracting States 
DE FR GB NL 



<7i) Applicant : MITSUBISHI KASEI 
CORPORATION 

5-2, Marunouchi 2-chome Chiyc^a-ku 
Tokyo 100 (JP) 



?2) Inventor : Tanaka, Eiji 
1-7-2-308 Kodai 

Kawasaki-shi, Kanagawa-ken (JP) 

Inventor : Kato. Satoshi 

20-405 Popuvagaoka-Koupu, 2-32-3 

Narusedai. 

Machida-shi. Tokyo (JP) 
Inventor : Sato, Kaoru 
7-35 Jinkawa-cho 
Hakodate-shi, Hokkaido (JP) 

'Q) Representative Myerscough, Philip Boyd et al 
J A. Kemp & Co. 14 South Square, Gray's Inn 
London WC1R 5LX (GB) 



S) Hydrogenated vinyl aromatic hydrocarbon polymer composition and optical disc substrate. 



57) A hydrogenated vinyl aromatic hydrocarbon 
polymer comprising 

(a) 5 to 90^o by weignt of a v.nyi aromatic 
hydrogenated polymer (A) obtainable by hvd- 
rogenat.ng a hydrocamon-conjugated ciene 
bock copolymer n such an amount that sub- 
stantially all the double bonds denvea from the 
conjugated diene bonds and from 60 mo!% to 
80 mol°o of the double bonds <n the aromatic 
rings have been hydrogenated. the content of 
the conjugated diene polymer units in the block 
copolymer being from 1 to 50 wt^o and 

J b) 95 °° by we,ght of 3 hydrogenated 

polymer (B) obtainable by hydrogenat.ng a vinyl 
aromatic hydrocarbon polymer in such an 
amount that from 60 mo^e to 80 mol% of the 

^ u,e uGnds ,n tr >e aromatic nngs have been 
hydrogenated. 
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The present invention relates to a hydrogenated 
vinyl aromatic hydrocarbon resin composition navmq. 
for example, excellent transparency, heat resistance 
and adhesiveness to metals, and to an optical disc 
substrate comprising the composition 

Extensive studies have been made recently on 
optical recording techmaues using a laser, as this 
allows high density recording of information, its stor- 
age and reproduction. A typical example of a storage 
device used in optical recording is an optical disc. 
Generally an optical disc basically comprises a trans- 
parent substrate and various recording media coated 
thereon. 

Colorless and transparent synthetic resins are 
favorably used for the transparent substrate of an 
optical disc; preferred examples of such synthetic resins 
are polycarbonate (hereinafter abbreviated to PC), 
polymethyj methacrylate (hereinafter abbreviated to 
PMMA) and polystyrene (neremafter abbreviated to 
PSt). These resins not only have colorless transpa- 
rency but also possess their own excellent properties. 
However, these resins do not satisfy ail the require- 
ments of an optical material, especially of an optical 
disc substrate, ana still have problems to be solved. 
For example, PC has defectrvebirefringence proper- 
ties due to its aromatic ring. It also has high water 
absorptivity and water permeability. PMMA has prob- 
lems of heat resistance, water absorptivity and tough- 
ness. PSt, although having satisfactory water 
absorptivity and water permeability, has a very wide 
birefringent index and has poor heat resistance. 

These resins are used in practmp without the 
above technical defects having been overcome. 
Additionally new technical defects such as those 
mentioned later in relation to the recording media 
coated on transparent substrates made of the resins 
have been noted. 

Various types of recording media have been 
developed following wide-ranging research depend- 
ing on the use of the optical disc. For example, per- 
forated-type recording media are used exclusively for 
recording and reproduction, which are called write on- 
ce-type recording media. Examples of M erasable"-ty- 
pe recording media which are capable of recording, 
reproduction, erasion and re-recording, are phase 
transition-type recording media utilizing the 
phenomenon of crystal phase transition and photo- 
magnetic-type recording media utilizing the photo- 
magnetic effect. Tellurium oxides and tellurium-based 
alloy compounds are usually used for the 'write 
once"-type recording media, ana amorphous alloy 
compounds of rare earth and transition metals sucn 
as GdFe. TbFE, GdFeCo and TbFeCo. and inorganic 
materials are usually used for the "erasable"-type 
magnetic media. Generally, these magnetic media 
are made by forming a film of the material on a trans- 
parent substrate by a dry method sucn as sputtering 
under high vacuum. 



The high hygroscopicity and water permeability of 
PC and PMMA cause technical defects. The high hyg- 
roscopicity gives rise to the problem of warp of the 
substrate cue to its expansion on moisture absoro- 

5 tion. The mgh water permeability of the materials also 
gives rise to the oroDlem that corrosion of the mag- 
netic medium is caused by water which gets into the 
medium througn the substrate, resulting in a reduced 
service life of the optical disc. 

vj With reference to heat resistance of the resins for 

the substrate, there exist the following technical proo- 
lems. In the practical use of optical discs, especially 
"write once '-type and "erasable"-type discs, the tem- 
perature of the recording medium at the time of writing 

:5 of record or erasure may reach 200°C or higher. The 
disc substrate may therefore be heated to a fairly high 
temperature at the time of writing of record or erasure, 
although the heat of the recording medium may not be 
directly applied to the substrate, and as a consequ- 

:o ence there may be deformation of the substrate or the 
grooves when the resin used has low heat resistance. 

In the production process of optical discs, there is 
often incorporated a heat treatment step to prevent 
change over time of the substrate or magnetic 

25 medium. However, to improve productivity, it is desi- 
rable that the heat treatment be conducted at as high 
a temperature as possible to minimize the treatment 
time. 

Use of a resin with a low heat resistance makes 
30 it impossible to use a high treating temperature, mak- 
ing it impossible to raise productivity. 

PSt 3nd PMMA have low heat resistance and 
cannot enaure high temperatures in the production 
process of optical discs or in the use thereof, and PC. 
35 having a high heat resistance, has exclusively been 
studied as an available material for a transparent sub- 
strate. 

Use of a transparent resin with a high softening 
point and which is principally composed of carbon and 

40 hydrogen, is known as a resin to overcome the 
defects of the conventional resins such as PC, PMMA 
and PSt. A hydrogenated vinyl aromatic hydrocarbon 
polymer is proposed in JP-A-89/318015. 

However, this hydrogenated vinyl aromatic hyd- 

45 rocarbon polymer, having no exception to the inherent 
low adhesiveness of poiyolefins, has a technical 
defect in that it has poor adhesion to the recording film 
and is incapable of satisfying the requirement for a 
long life of the optical disc. 

so It has now surprisingly been found that, by using 

as a raw material for the substrate, a hydrogenated 
vinyl aromatic hydrocarbon polymer composition 
obtainable by blending a hydrogenated vinyl aromatic 
hydrocarbon polymer having a specified hydroge- 

55 nation degree and a hydrogenated vinyl aromatic hyd- 
rocarbon-conjugated diene block copolymer having a 
specified composition ratio and hydrogenation deg- 
ree, an optical disc substrate having excellent adhe- 
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sueness to the recording layer write maintaining the 
^ign -eat resistance wmcn nydrogenated vinyl 
aromatic nydrocarDon polymers mherenoy possess. 
:an be ootamed. 

~he present irvention provides a nydrogenated 
vmyt aromatic hydrocarbon polymer comprising: 

«a) 5 to 90% by weignt of a hydrogenateo poiymer 
'A) ootainable by nyorogenating a vinyl aromatic 
hycrocamon-conjugatec diene Diock copolymer 
m sucn an amount :hat substantially ail the double 
boras derived from the conjugated diene bonds 
ana from 60 mol% to 80 noi% of the double bonds 
m the aromatic nrgs have been hydrogenated. 
the content of the conjugated diene polymer units 
m the block copolymer oemg from 1 to 50 wt%; 
ana 

(b) 10 to 95% by weight of a hydrogenated 
polymer (B) obtainable by hydrogenating a vinyl 
aromatic hydrocarbon polymer in such an amount 
that from 60 mol% to 80 mol% of the double bonds 
m tne aromatic rings have been hyarogenated. 
The present invention also provides an optical 

disc substrate molded from a composition as defined 

above. 

A principal component (component (a)) of the 
hydrogenated vinyl aromatic hyarocarbon polymer 
composition of the present invention is a hydroge- 
nated vinyl aromatic hydrocarbon-conjugated diene 
block copolymer (polymer (A)). 

As the vinyl aromatic hydrocarbon monomer 3C 
wnich provides the vinyl aromatic hyarocaroon 
polymer units in the vinyl aromatic hydrocarbon-con- 
jugated diene block copolymer, there can be used, for 
instance, styrene, p-methylstyrene. a-methylstyrene 
and their mixtures. Among them, styrene is preferred. 35 

The vmyi aromatic hydrocarbon polymer segment 
may be constituted by a homopolymer of one of the 
said vinyl aromatic hydrocarbons or a copolymer of 
two or more of the said vinyl aromatic hydrocarbons. 
Other monomer(s) copolymenzaple with the said vinyl 40 
aromatic hydrocarbons may be contained within limits 
not substantially affecting to the properties of the vinyl 
aromatic hydrocarbon polymer used. As such mono- 
mers, acrylic acid, acrylic ester, methacrylic acid, 
methacrylic ester, maleic acid, maleic anhydnde, 45 
acrolein, vmyi esters, vinyl ethers, vinyl ketones and 
acrylomtnle may be exemplified. 

As the conjugated diene monomer in th* conju- 
gated diene polymer segments, there can be used, for 
instance. 1 ,3-butadiene. isoprene. 2.3-dimethyl-1 ,3- 50 
butadiene. 1 ,3-pentadiene. 1 ,3-hexadiene and their 
mixtures. Usually, 1 .3-butadiene and isoprene are 
preferred. 

A block copolymer composed of these two types 
of segments can be easily obtained by a known 55 
method, so-called living anionic polymerization 
method, for example, a polymerization metnod com- 
pnsma Doivmermnn ih<sc« h*/^ h/*^,» ~f ~~ _ 

~ ■ ^ • - ~ 'J K vo w ' ocyincilia III 



a hydrocarbon solvent such as hexane or heptane in 
:he presence of an organolithium compound as 
polymerization initiator. 

The content of the conjugated diene poiymer seg- 
ments in the saia block copolymer is 1-50 wt%. pref- 
erably 5-30 wt% 

If the content of the conjugated diene poiymer 
segments in the Dlock copolymer exceeds 50 wt%. 
the composition is deteriorated in heat resistance and 
rigidity, and becomes unsuited 'or making a desirea 
optical disc supstrate. If tne content thereof is less 
than 1 wt%. the composition is aetenorated in fluidity 
ana toughness. 

The number-average molecular weight of the said 
vinyl aromatic hydrocarocn-conjugated diene biock 
copolymer is 30.000-40C.C00. preferably 50 000- 
400.000. 

A hydrogenated vmyi aromatic hydrocarbon-con- 
jugated diene piock copolymer used as component 
(a) of the composition according to the present inven- 
tion can be obtained by hydrogenating such a block 
copolymer described above in the presence of a hyd- 
rcgenating catalyst having aromatic hydrogenating 
activity. As the hydrogenating catalyst, there can be 
used metals such as nickel, cobalt, ruthenium, 
rhodium, platinum, palladium, their oxides, their salts, 
their complexes, and those metals, their oxides, their 
salts or their complexes earned on a earner such as 
activated carbon, diatomaceous earth, silica or 
alumina. Among them. Raney nickel, Raney cobalt, 
stabilized nickel, carbon- or alumina-earned 
ruthenium, rhodium or platinum, and carbon- or silica- 
earned palladium are preferred in view of reactivity. 

The hydrogenation reaction is preferably earned 
out by using a saturated hydrocarbon solvent such as 
cyclohexane, methyicyciohexane, n-octane, decalin. 
tetralin. naphtha or an ether solvent such as tetrahyd- 
rofuron under a pressure of 50-250 kg/cm 2 at a tem- 
perature of 10O-2OO°C. As for the hydrogenation 
degree that of the double bonds derived from the con- 
jugated diene segments is substantially whole, pref- 
erably not less than 98 %. more preferably not less 
than 99 %. most preferably 100%. 

The hydrogenation degree of double bonds of the 
aromatic ring is not less than 60 mol% and less than 
80 mol%. preferably 60-75 mol%. If the hydrogenation 
degree of the aromatic ring is not more than 80 mol%. 

aHhaciAn f ^ fk« -~ ~ ~ ; 1 . i . , , 

^ i, ,^ icwiumy 1 icuium uctumes defec- 
tive, giving rise to the problem on long-time durability. 
If the hydrogenation degree of the aromatic nng is less 
than 60 moi%, there arise such problems as reduction 
of heat resistance, increase of birefringence index 
and deterioration of compatibility with the component 
(b). 

The number-average molecular weight of the 
thus obtained hydrogenated vinyl aromatic hydrocar- 
bon-conjugated diene block copolymer used as com- 
ponent \a) is lowered dunng the hydrogenation 
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process and is 20.000-300.000. oreferably 50.000- 
200.000. more preferably 80.0CO-1 50.000. If the 
molecular we.ght is less than 20.000. the composition 
lacks strength, and if the molecular weight exceeds 
300.000, the composition is deteriorated in moidab.- 
tity and optical uniformity 

Another pnncipal comDonent (component (b)) of 
the hydrogenated vinyl aromatic hyarocarDon 
poiymer composition according to the present inven- 
tion is a hyarogenated vinyl aromatic hyarocarDon 
polymer. 

As the vinyl aromatic hydrocarbon polymer used 
as raw material for the said comoonent lb), there can 
be empolyed the same polymers as those of the vinyl 
aromatic hydrocarbon polymer segments of the com- * 5 
ponent (a). As the method of polymerization, any 
method can be used as far as it is capable of produc- 
ing an amorphous polymer, and usually radical polym- 
erization or anionic polymenzatjon is used. The 
number-average molecular we.ght of the said vinyl ? 0 
aromatic hydrocarbon polymer is not less than 
50.000. If it is less than 50.000,the resin obtained after 
hydrogenation is deteriorated tn heat resistance and 
toughness. 

The upper limit of the number-average molecular 25 
weight of the said p >lymer is not more than 400,000, 
preferably not more than 200.000. 

Such a vinyl aromatic hydrocarbon polymer is 
subjected to aromatic ring hydrogenation in the same 
way as hydrogenation conducted in the preparation of 30 
the component (a) descnbed above. 

The hydrogenation degree of the double bonds of 
the aromatic ring in the hydrogenation reaction is not 
less than 60 and less than 80 mol%. preferably 60-75 
mol%. If the hydrogenation degree is less than 60 35 
mol%, heat resistance lowers ana also the birefring- 
ence index of the optical material increases. If the 
hydrogenation degree is not less than 80 moi%, adhe- 
sion to the recording film becomes weak. 

The number-average molecular weight of the thus 40 
obtained hydrogenated vinyl aromatic hydrocarbon 
poiymer is lowered during the hydrogenation process 
and is 40,000-300,000, preferably 60,000-150,000. 

If the number-average molecular weight is less 
than 40,000, the composition lacks strength, while if 45 
the number-average molecular weight exceeds 
300.000. the composition is deteriorated in moidabi- 
lity and optical uniformity. 

As for the content of each component of the 
composition of the present invention, the content of so 
the component (a) is 5-90 wt%, preferably 15-50 wt% 
and that of the component (bj is 10-95 wt%. preferably 
50-85 wt%. The content of the conjugated diene 
polymer segments in the composition of the present 
invention is 1 -40 wt%. preferably 1-20 wt%. more pref- 55 
erably 2-10 wt%. 

The method of mixing of the said components is 
not specified, and usually there is employed a method 



in which the said components are dissolved in a sol- 
vent ana then coorecipitated by supplymg a poor sol- 
vent or by distilling away tne solvent, or a method in 
wnich the said components are subjected to melt-mix- 
-ng by an extruoer. Brabender plastograph ora knead- 
ing machine such as BanDury mixer. A method in 
wnich the said components are mixed with a solution 
and then subjected to melt-mixing is also employable. 

As the solvent used in the mixing method, tet- 
rahydrofuran, decahydronaDhthalene, cydohexane 
and methyl cyclohexane may be exemplified. Also as 
the poor solvent, methanol, ethanol, propanol and 
water may oe exemplified. 

In the present invention, the polymer composition 
obtained in the manner described above may be 
added with a hydrocarbon material having a number- 
average molecular weight of about 500-5.000 for the 
purpose of improving moldability, etc.. within limits not 
affecting a heat resistance and an optical uniformity 
of the composition. 

Typical examples of such hydrocarbon material 
are the low-molecular weight hydrocarbon polymers 
having a higher glass transition point than room tem- 
perature, such as hydrogenated Detroleum reins, hyd- 
rogenated terpen^ resins and hydrogenated 
low-molecular weight styrene polymers, and high- 
boiling point hydrocarbon oils which are liquid at room 
temperature, such as aikylbenzene and alkyl- 
naphthalene. The amount of the hydrocarbon material 
added in not more than 1 0 wt%, preferably 0.1-5 wt%. 

In the present invention, usually a heat stabilizer 
is added to the obtained polymer composition and 
then the resultant composition is molded. 

As the heat stabilizer, there can be used, for inst- 
ance, hindered phenolic heat stabilizers, sulfur-based 
heat stabilizers and phosphorus-based heat stabiliz- 
ers. Joint use of a hindered phenolic heat stabilizer 
and a phosphorus-based heat stabilizer is preferred 
for the reason of extra improvement of resistance to 
heat deterioration. 

As the hindered phenolic heat stabilizers usable 
in the present invention, tetraquis[methylene~3-(3,5- 
di-t-butyl-4-hydroxyphenyi)propionateJmethane. 3,9- 
bis[1 , 1 ^imethyi-2KP-(3-t-buty^-hydro 
nyl) propiony1oxy}ethy1}-2,4,8, 1 0-tetraoxapyro[5,5]un de- 
cane, 1 .3.5-tns(3,5Ki-t-buty1-4-hydroxy-rjenzy)-s-tria- 
zine-2.4,6 (1H, 3H, 5H)-tnone, and 1,3,5-trirnethyl- 

2,4,6-tns(2.5-di-t-butyl-4-hydroxybenzyl)-benzene 
may be exemplified. 

As the sulfur-based heat stabilizers usable in the 
present invention, tetraquis [methylene-3-<dodecyi- 
thio) propionatejmethane and distearylthio dipropion- 
ate may be exemplrfied. 

As the phosphorus-based heat stabilizers usable 
n the present invention, tetraquis(2,4-di-t-butyl- 
phenyl)-4.4'-biphenytene phosphonite and bis(2.6-di- 

t-butyl-4-methylphenyl)pentaerythritol-di-phosphite 
may be exemplrfied. 
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"he content of the neat stabii zer ir the oovmer 
comoosition s 0.01-1 % by weight, oreferaDly 0.05- 
0.5 % by weignt. 

Also, it is preferacie for suDpressirg the gener- 
ation of foreign matter on ne surface of the disc suo- 
strate that a metat salt of lonc-cnam fatty acia is jomay 
usea as an additive with the neat stabilizer 

As the metat salt of long-cnam fatty acia usaDle 
m the present invention, one represented by the fol- 
lowing formula may be exemplified. 



(wherein R represents an aikyl group having 12 to 30 
carbon atoms, M represents divalent or tnvaient metal 
ion and n represents 1. 2 or 3. which corresponds to 
valence number) 

As the long-chain fatty acid, lauric acid, mynstic 
acia. palmitic acid, stearic acid and behenic acid are 
preferred, and stearic acid is more preferred. 

As the metal ion. Mg l0 n. Ca wn, Zn ion. Pd ion. 
Sr ion and Al ion are preferred. Ca ion and Zn ion are , 5 
more preferred, and Zn is most preferred. 

The content of the additive in the polymer compo- 
sition is not more 1 % by weight, preferably 0.01-0.5 
% by weight. 

The method of mixing the poiymer composition of 
the present invention with the heat stabilizer and addi- 
tive is not specrfied, but usually the polymer compo- 
sition, heat stabilizer and additive are first mixed by a 
suitable mixer such as ribbon blender, tumble blen- 
der, Henschel mixer and then the resultant mixture is 
melt-kneaded and formed into pellets by using a Ban- 
bury mixer, single-screw extruder, double-screw ext- 
ruder or other suitable means. The thus obtained 
pellets are subjected to injection molding at a tem- 
perature of 270-350°C , preferably 280-31 0°C. *o 
thereby obtaining an optical disc substrate which is 
excellent in transparency and heat resistance, free of 
tinting and very small in optical distortion. 

The optical disc substrate of the present invention 
thus obtained is small in birefringence index, the 45 
values thereof measured at different portions in the 
said substrate being not more than 45 nm, preferably 
not more than 40nm. Light transmittance of the said 
substrate is not lower ihan 65 %. preferably not lower 
than 90 %. 

50 

For producing an optical disc by using an optical 
disc substrate obtained from a hydrogenated vinyl 
aromatic hydrocarbon polymer composition of the 
present invention, a method in which a coating film of 
SiNx, TaOx or other suitable material is formed on the 55 
surface of the said substrate by sputtenng, deposition 
or other means, then a recording layer of TbFeCo or 
other suitable material is formed on the said coating 



Mm ana finally the tnus-formed laminate is covereo 
JV'th a crotective film can oe employed. 

In the following oeei test, checkered test pieces 
'1 mm x 1 mm > of not more than 5 in the 100 test 
pieces, which are peeled off with the tape, are 
required. None of the 100 checkered test pieces <1 
mm x 1 mm ). which is oeeied off with the tape, is pre- 
.errec for a practical use. 

The coating films are formed on the substrate 
ootaineo from the hydrogenated vmyi aromatic hyd- 
rocarbon polymer composition according to the pre- 
sent invention. Lines are drawn at a rate of 10 lines 
per area of 1 cm x 1 cm at the part constituting the 
specular surface of the substrate provided with the 
said coating films, ana an adhesive tape (imide film 
base, made by Teraoka Co., Ltd.) is pasted on the 
checkered portion of the substrate. Adhesrve strength 
between the substrate and the coating film is 
evaluated by peeling off the tape (peel test). 

Since the optical disc substrate made from a 
polymer composition of the present invention is excel- 
lent in adhesion to the recording medium, a long ser- 
vice life of the optical disc is secured. Also, as the 
optical disc substrate accoraing to the present inven- 
tion is small in oirefnngence index, it is suited for use 
as optical disc substrate ana other optical materials. 

The polymer composition of the present inven- 
tion, owing to its excellent heat resistance and optical 
properties, finds use as a molding material for various 
optical articles such as optical lens, optical cards, etc., 
m addition to optical discs described above. In these 
uses, excellent adhesiveness of the polymer compo- 
sition of the present invention proves advantageous. 

EXAMPLES 

The present invention will hereinafter be des- 
cnbed in further detail by showing the examples 
thereof and comparative examples. It is to be under- 
stood, however, that the present invention is in no way 
defined in its scope by these examples but can be 
embodied otherwise as well without departing from 
the scope and spirit of the invention. 

The various properties referred to in the following 
Examples and Comparative Examples were deter- 
mined by the methods descnbed below. 

(1) Number-average molecular weight: 

This was measured by gel permeation chromato- 
graph (GPC) using tetrahydrofuran (THF) as sol- 
vent in the same way as when using polystyrene, 
and the number-average molecular weight calcu- 
lated as the polystyrene basis was determined. 

(2) Aromatic nng hydrogenation degree (%): 

A polyvinylcyciohexane-type resin was dissolved 
in tetrahydrofuran, and the aromatic ring hydroge- 
nation degree was determined by UV absorption. 

(3) Glass transition point ( 3 C): 

Measured bv USinn a differential cf**r>rsiws~ 

* o — — - _ . . . 
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calorimeter Model 9900 mfa. oy E.I. Du Pent de 
Neymours & Co. 

(4) High-temDerature. nigh-humidity test: 

An optical disc substrate naving a recording 
medium was placed in a thermo-humidistat main- - 
tamed at 85°C and 85 % RH and after keeping in 
the thermo-humidistat for 200 hours, adhesion of 
the recording film was evaluated. 

(5) Birefringence index: 

Determined by using a condensing birefnngent uj 
meter ELP-300AFB mfd. by Mizojin Optical 
Industries Co., Ltd. 

Resin Preparation Example 1 

15 

A styrene homopolymer (HH-102 produced by 
Mitsubishi Monsanto Chemical Co., Ltd.. Number- 
average molecular weight (Mn) : 100.000) was dissol- 
ved in tetrahydrofuran, ana the resultant solution was 
added with 5 % Pd/Si0 2 as catalyst and subjected to 20 
hydrogenation reaction at 170°C under nydrogen 
pressure of 1 00 kg/cnv for 6 hours to obtain hydroge- 
nated polystyrene having a number-average molecu- 
lar weight of 90,000 and an aromatic-ring 
hydroqenation degree of 70.0 %. 25 

Resin Preparation Example 2 

A styrene-butadiene block copolymer (Mn: 
100,000, butadiene content:15 wt%) obtained by 30 
anionic polymerization was hydrogenated according 
to tne same method as the above-described Resin 
Preparation Example 1, except that the hydrogen 
pressure was 70 kg/cm 2 to obtain a hydrogenated sty- 
rene-butadiene block copolymer having a number- 35 
average molecular weight of 95,000, and a 
hydrogenation degree of double bonds derived from 
the conjugated diene bonds of 100 % and an aroma- 
tic-ring hydrogenation degree of 73.0 %. 

40 

Resin Preparation Example 3 

A styrene homopolymer (Mn: 60,000) was dissol- 
ved in tetrahydrofuran and the resultant solution was 
added with 5% Pd/SiO? as catalyst and subjected to 45 
hydrogenation reaction at 170°C for 4 hours under 
hydrogen pressure of 95 kg/cnV to obtain hydroge- 
nated poylstyrene having a number-average molecu- 
lar weight of 51,000, and an aromatic-ring 
hydrogenation degree of 79 %. 50 

Resin Preparation Examp le 4 

A styrene-butadiene block copolymer (Mn: 
125,000. butadiene content:20 wt%) was hydroge- 55 
nated in the same way as Resin Preparation Example 
2 to obtain a hydrogenated styrene-butadiene block 
copolymer having a number-average molecular 



weight of 1 06,000, and a hydrogenation degree of 
double bonds derived from the conjugated diene 
bonds of 100 % and an aromatic-ring hydrogenation 
degree of 72.0 %. 

Resin Preparation Example 5 

The same styrene homopolymer as Resin Prep- 
aration Example 1 was hydrogenated in same pro- 
cedure of Resin Preparation Example 1 except for the 
hydrogenation time of 8 hours to obtain a hydroge- 
nated polystyrene having a numoer-average molecu- 
lar weight of 75.000 and an aromatic-nng 
hydrogenation degree of 99 %. 

Resin Preparation Example 6 

The same styrene homopolymer as Resin Prep- 
aration Example 1 was hydrogenated in same pro- 
cedure of Resin Preparation Example 1 except for the 
hydrogenation time of 7 hours to obtain a hydroge- 
nated polystyrene having a numoer-average molecu- 
lar weight of 87.000 and an aromatic-nng 
hydrogenation degree of 85 %. 

Resin Preparation Example 7 

The same styrene-butadiene block copolymer as 
Resin Preparation Example 2 was hydrogenated in 
same procedure of Resin Preparation Example 2 
except for the hydrogenation time of fi hours to obtain 
a hydrogenated styrene-butadiene block copolymer 
having a number-average molecular weight of 
91.000, and hydrogenation degree of double bonds 
derived from the conjugated diene bonds of 100 % 
and an aromatic-ring hydrogenation degree of 83 %. 

Resin Preparation Example 8 

The same styrene homopolymer as Resin Prep- 
aration Example 1 was hydrogenated in same pro- 
cedure of Resin Preparation Example 1 except for the 
hydrogenation time of 5 hours to obtain a hydroge- 
nated polystyrene having a number-average molecu- 
lar weight of 93,000 and an aromatic-ring 
hydrogenation degree of 62 %. 

Resin Preparation Example 9 

The same styrene-butadiene block copolymer as 
Resin Preparation Example 2 was hydrogenated in 
same procedure of Resin Preparation Example 2 
except for the hydrogenation time of 5 hours to obtain 
a hydrogenated styrene-butadiene block copolymer 
having a number-average molecular weight of 98.000 
and hydrogenation degree of double bonds derived 
from the conjugated diene bonds of 100 % and an aro- 
matic-ring hydrogenation degree of 60 %. 
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Example 1 

7.50 kc of the polymer oota-nea in Resin Prepa- 
ration Example 1 ana 5.0 kg of the polymer obtained 
■n Resin Preparation Example 2 *ere dissoivec n tet- 
rahvdrofuran ana then coprecioitated in metnanoi To 
the resultantly obtained wet powaer were added 01 
part by we.gm of 1 .3.5-tnmethyi-2.4.6-tr.s-<3.5-di-t- 
butyi-4-hydroxybenzyl) benzene ilrganox 1330. pro- 
duced by Ciba Ge.gy) 0.1 part by we.gnt of 
(2,&-di-t.butyi-4-methylphenvl)pentaerythntol diphos- 
phite (MARKPEP-36. produced by ADEKA ARGUS 
CHEMICAL Co.. Ltd.) and 0.1 part by weignt of zinc 
stearate. followed by drying. Then the resultant mixt- 
ure was melt-kneaded at 260~C and oelletized by 
using an extruder. 

The thus-obtained pellets were subjected to 
injection molding at a resin temperature of 300°C by 
using an injection molder M-140A <mfd. by Meiki Co.. 
Ltd.) with a grooved stamper mounted to the movable 
platen side, to mold a disc-shaped optical disc sub- 
strate hav.ng a thickness of 1 .2 mm and a diameter of 
130 mm. 

The glass transition temperature of the polymer 
composition was 131°C. 

The obtained substrate was placed in a sputtering 
device. First, the SDutter chamoer was evacuated to 
not more than 8x10- Ton and reactive sputtenng of 
the Ta target was carried out by using an Ar/0 2 mixed 
gas to form an interference layer (800 A in thickness) 
composed of Ta 2 O s . This was followed by binary sim- 
ultaneous sputtering of the Tb target and FeCo target 
by using Ar gas to form a recording layer (300 A in 
thickness) of TbFeCo. Then, the Al target having the 
Ti chips disposed thereon was sputtered in Ar gas to 
form a reflective layer (300 A in th.ckness). Lines were 
drawn at a rate of 10 lines per area of 1 cm x 1 cm at 
the pan constituting the specular surface of the sub- 
strate provided with the said coating films, and an 
adhesive tape (imide film base, made by Teraoka Co.. 
Ltd.) was pasted on the checkered portion of the sub- 
strate. Adhesive strength between the substrate and 
the tantalum oxide film was evaluated by peeling off 
the tape (peel test). None of the 100 checkered test 
pieces H mm x 1 mm) was peeled off with the tape. 

The similar adhesive strength test (peel test) was 
conducted after subjecting the said substrate to a 
high-temperature and high-humidity exposure test. In 
this test, too. none of the 100 checked test pieces (1 
mm x 1 mm) was peeled off. 

The birefringence index measured at any point in 
the 25-55 mm area from the center of the substrate 
was not more than 40 nm. 

Example 2 

12.0 kg of the hydrogenateo polymer obtained in 
Resin Preparation Example 3 and 4.0 kg of the hyd- 



rogenateo polymer ootamed in Resin Preparation 
Example 4 were Teated in the same way as Example 
f or peileozaton. irjectton molding and souttenna. 
~he giass transit on point of the polymer composition 
? .vas 135-C. in tne peel test, none of the 100 test 
pieces was peeled of either oefore or after the hign- 
'emperature and high-numiaity exposure test. 

The birefringence index measured at any point in 
the 25-55 mm area from the center cf the substrate 
was rot mere than 40 nm. 

Comparative Example 1 

To 15.0 kg of the polymer obtained in Resin Pre- 
'5 paration Example 5 were added the same additives 
used in Example 1 and the resultant mixture was 
treated in :he same way as Example 1 for pepti- 
zation, injection molding and sputtering. The glass 
transition point of the polymer composition was 
■o 146°C. 

In the Deei test, ail of the 100 test pieces were 
peeled off. 

The birefringence index measured at any point in 
the 25-55 mm area from the center cf the substrate 
25 was not more than 40 nm. 

Comparative Example 2 

To 15.0 kg of the polymer obtained in Resin Pre- 
30 paration Example 1 were added the same additives 
used in Example 1 and the resultant mixture was 
treated in the same way as Example 1 for pelleti- 
zauon, injection molding and sputtenng. The glass 
transition point of the polymer composition was 
35 133°C. 

In the peel test, none of the test pieces was 
peeled off either before or after the high-temperature 
and high-humidity exposure test. The birefringence 
index measured at any point in the 25-55 mm area 
40 from the center of the substrate was 50-150 nm. 

Comparative Example 3 

7.50 kg of the polymer obtained in Resin Prepa- 
45 ration Example 6 and 5.0 kg of the polymer obtained 
in Resin Preparation Example 7 were dissolved in tet- 
rahydrofuran and then coprecipitated in methanol. 
The resultant wet powder was treated in the sam* 
way as Example 1 for oelletization, injection molding 
so and sputtenng. The glass transitran point of the 
polymer composition was 135°C. 

In the peel test, none of the 100 test pieces was 
peeled off before the high-temperature and high- 
humidity exposure test, and 25 pieces in the 100 test 
55 pieces peeled were off after the high-temperature and 
high-humidity expos ure test. 

The birefringence index measured at any point in 
the 25-55 mm ar«a frnm rt-i» rantnr »h Q <-.. — _ 

- . . w , v. , w vruuouaiO 
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was not more than 40 nm. 
Example 3 

7 50 kg of the polymer obtained in Resin Prepa- 
ration Example 8 and 5 0 kg of the polymer obtained 
m Resin Preparation Example 9 were dissioved in tet- 
rahydrofuran and then copreciDitated in methanol 
The resultant wet powder was treated in the same way 
as Example 1 for peptization, injection molding and 
sputtering. The glass transition point of the poiymer 
composition was 12t J C. In the peel test, none of the 
1 00 test pieces was peeled of either before or after the 
high-temperature and high-humidity exposure test. 

The birefringence index measured at any point in 
the 25-55 mm area from the center of the substrate 
was not more than 40 nm. 



Claims 

1. A hydrogenated vinyl aromatic hyarocarDon 
polymer comprising; 

(a) 5 to 90% oy weight of a hydrogenated 
polymer <A) obtainable by hyrtrogenating a 
vinyl aromatic hydrocarbon-conjugated diene 
block copolymer in such an amount that sub- 
stantially ail the double bonds derived from 
the conjugated diene bonds and from 60 
mol% to 80 mol% of the double bonds in the 
aromatic rings have been hydrogenated, the 
content of the conjugated diene polymer units 
in the block copolymer being from 1 to 50 wt%; 
and 

(b) 10 to 95% by weight of a hydrogenated 
polymer (B) obtainable by hydrogenating a 
vinyl aromatic hydrocarbon polymer in such 
an amount that from 60 mol% to 80 mol% of 
the double bonds in the aromatic rings have 
been hydrogenated. 

2. A composition according to claim 1 which com- 
prises from 15 to 50% by weight of polymer (A) 
and from 50 to 85% by weight of polymer (B). 

3. A composition according to claim 1 or 2 wherein 
the content of the conjugated diene polymer units 
in the composition is from 1 to 40 wt%. 

4. A composition according to any one of the pre- 
ceding claims wherein the number-average 
molecular weight of polymer (A) is from 20.000 to 
300.000. 
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6. A composition according to anv one of the pre- 
ceamg claims wnich further comprises not more 
than 10% dv weight of a hydrocaroon having a 
number-average molecular weight of from 500 to 

5.000. 

7. A composition according to claim 6 wherein the 
hydrocarbon is a hydrogenated petroleum resin, 
a low-molecular weight hydrocarbon polymer 
having a giass transition point higher than room 
temperature or a high-boiling point hydrocarbon 
oil which is liquia at room temperature. 

8. A composition according to any one of the pre- 
ceding claims wherein the vinyl aromatic hyd- 
rocarbon units in polymer (A) and polymer (B) are 
obtainable from styrene. p-methylstyrene, u- 
methylstyrene or a mixture thereof. 

9. A composition according to any one of the pre- 
ceding claims wherein the conjugated diene units 
in polymer(A) are obtainable from 1 ,3-butadiene. 
isoprene. 2.3-dimethyl-1 ,3-butadiene, 1.3-pen- 
tadiene, 1 ,3-hexaaiene or a mixture thereof. 

10. An optical disc suurtrate molded from a compo- 
sition as defined in any one the preceding claims. 



5. A composition according to any one of the pre- 55 
ceding claims wherein the number-average 
molecular weight of poiymer (B) is from 40,000 to 
300,000. 
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